WHAT'S KNOWN ON THIS SUBJECT: Seizure-related death, including sudden death, is a frightening prospect. In part because risk and prevention are poorly understood, neurologists tend to avoid discussions of sudden death with families and young patients.
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Mortality rates in people with epilepsy are 2 to 4 times higher overall 1-4 and 5 to 10 times higher in pediatric epilepsy. [5] [6] [7] [8] [9] This increased risk occurs for several reasons: (1) lethal neurometabolic conditions that present with epilepsy; (2) systemic complications associated with neurodisability; (3) indirect factors resulting in higher mortality (eg, suicide); and (4) deaths shown or presumed to be directly due to the occurrence of a seizure. This last group includes sudden unexpected death in epilepsy (SUDEP), which has been the center of an international awareness campaign 10 and many conferences, as well as the focus of several grant initiatives. Although increasing evidence is clarifying the sequence of events leading to SUDEP, many of which may have implications for prevention, there is still a reticence among neurologists to raise the subject of SUDEP with patients and families. A summary of the National Institutes of Neurologic Disorders and Stroke conference on SUDEP highlighted the importance of conveying information to families and patients about the risk of death in general and SUDEP in particular. 11 Concerns were expressed that these discussions might cause anxiety or depression and that there is a need to distinguish between "low" risk and "no" risk. Further research was suggested to determine how best to provide information about SUDEP and how to overcome the reluctance of health professionals to present this information. This reluctance stands in sharp contrast to the situation in pediatrics, where pediatricians are trained and provide professional support in discussing these risks with parents beginning with the risk of sudden infant death syndrome (SIDS). 12 One barrier in discussing SUDEP or seizure-related death is the paucity of data on which to base an accurate risk estimate, particularly in children and most especially at the time of initial diagnosis when the topic might reasonably first be raised. This lack of data exists in part because the risk is statistically very low and thus hard to determine in a single study. To address this knowledge gap, we pooled data from 4 large pediatric cohorts to obtain direct estimates of the mortality risk overall and from specific causes of mortality, particularly seizure related and SUDEP.
METHODS
The authors of 4 published pediatric cohort studies combined data regarding mortality. [5] [6] [7] [8] [9] Methods for each study are outlined in Table 1 . For 1 study, results are updated here from an earlier report based on an additional 8 years of follow-up. 5 Deaths were ascertained systematically within each study. Methods included report of parents to study staff during scheduled follow-up calls 5 ; report of treating physicians to study staff 5, 6, 8 ; review of national death indices, health registries, and other administrative databases depending on the study [5] [6] [7] [8] ; and an active populationbased surveillance program. 9 Epilepsy in association with lethal neurometabolic or neurodegenerative conditions was explicitly excluded from 1 study. 7 To be consistent, children with such conditions were excluded from the other 3 studies for these analyses.
Epilepsy presentation was considered "complicated" if there was a known structural brain lesion, significant intellectual disability, or abnormal result on neurologic examination; it was considered "uncomplicated" if these factors were absent. 5, 6, 8, 9 Children with autism generally had intellectual disability and were thus included in the complicated group. For 1 study, the distinction was based solely on the absence or presence of cognitive or neurologic disability. 7 This information was extracted from the medical records as recorded by the child' s treating neurologist. In 1 study, research MRIs and neurocognitive testing were performed in more than one-half of the cohort, 5 and the results were used to All studies obtained copies of death certificates and, if performed, copies of autopsy reports. In some instances, eye witness accounts or emergency department or in-patient reports from terminal visits or hospitalizations were available and contributed to assignment of cause of death. Information about cause of death was compiled from death certificates, autopsy reports, and other medical records. Collaborating investigators reviewed the information, and a consensus was reached on how to best categorize each death.
Causes of death were grouped as SUDEP, other seizure related, other natural, and nonnatural (Table 2 ). In the absence of any information, the cause of death was characterized as unknown. SUDEP was further categorized into definite, probable, and possible SUDEP according to recent recommendations. 13 In children with significant neurologic compromise, we considered an otherwise unexplained sudden death attributed to cardiac or cardiopulmonary arrest to be possible (not probable) SUDEP in the absence of an autopsy report that definitively excluded infections or other sources of airway compromise.
Death rates with 95% confidence intervals (CIs) are reported as number per 100 000 PY and were calculated by using standard techniques. 14 Poisson regression was performed in SAS Proc Genmod (SAS version 9.2, SAS Institute, Inc, Cary, NC) to test for differences between studies and between complicated and uncomplicated epilepsy. We performed sensitivity analyses to examine the impact of the following: (1) counting possible SUDEP as seizure related; and (2) counting unknown cause as being seizure related or even SUDEP. For approximate comparisons, death rates in the first 3 decades of life from the 3 countries in which the studies were performed were obtained from vital statistics registries in each country. [15] [16] [17] [18] All procedures were approved by the ethics committees at all participating institutions. The Connecticut, Dutch, and Canadian studies obtained written informed consent for participation in the original studies. The Rochester Epidemiology Project functions under a community consent protocol.
RESULTS
The 3 studies included 2239 patients with childhood-onset epilepsy (onset ,16 years of age [5] [6] [7] [8] or #17 years of age 9 ). Ten children with lethal metabolic conditions (2, Menkes kinky hair disease; 4, neuronal ceroid lipofuscinoses; 1, Zellwegger syndrome; 2, mitochondrial disorders; 1, NiemannPick disease) were excluded from further consideration.
The remaining 2229 subjects were followed for a total of 30 284 PY, and 69 deaths occurred (14-26 per study). The crude death rate per 100 000 PY for all subjects combined was 228 (95% CI: 174-282). Point estimates of the crude rates varied somewhat among the 4 studies, but their CIs overlap (Table 3) . A formal test of these differences indicated that they were not overall statistically significant. Within complicated and uncomplicated groups, these differences were greatly reduced. Data adequately fit assumptions for a Poisson distribution.
The death rate in the complicated group (743 [95% CI: 557-930]) was substantially higher than in the uncomplicated group (36 [95% CI: 11-61]) (P , .0001).
Causes of Death
Ten deaths were attributed to SUDEP (5 definite with autopsy confirmation, 3 probable, and 2 possible). Three seizurerelated deaths occurred (1 status epilepticus, 1 iatrogenic complications Death rates according to types of cause were calculated overall and for complicated and uncomplicated presentations (Table 4) . For potentially seizure-related deaths, we calculated rates for SUDEP (n = 10), definite and probable SUDEP (n = 8), all seizure-related death (n = 13
[10 SUDEP and 3 other]), and seizurerelated deaths plus unknown (n = 16 [SUDEP, other seizure-related, and unknown]). All causes of death were substantially higher in the complicated group compared with the uncomplicated group. The rate of seizurerelated deaths in the complicated group (122 per 100 000 PY) was multiples of the total population death rates in the first 3 decades of life and higher than SIDS rates in developed countries ( Table 5 ). The comparable figure for the uncomplicated group (14 per 100 000 PY) was in the same range as or slightly higher than the single leading causes of death for young people in the population (depending on the country), at the low end of the range for SIDS in developed countries, and higher than 1 estimate of sudden death in the 1-to 30-year-olds.
Patient Profiles Associated With Mortality
Deaths occurred on average 7.5 (6 4.9) years after diagnosis (Table 6 ). In the complicated group, there was a moderate trend suggesting that older onset was associated with a longer time to death (Fig 1) .
Average age at death was 11.6 years and was similar across most causes of death. Male and female subjects were approximately equally represented across cause of death categories. Given the small numbers involved, formal tests were not conducted. Data are presented for descriptive purposes only.
Most of the deaths (n = 61 [88%]) occurred in participants with complicated presentations, and almost all of these individuals had mild (n = 5) or more severe (n = 51) cognitive impairment. Drug resistance (57%), lack of seizure freedom in the past year (74%), and a history of convulsive seizures (68%) and of status epilepticus (48%) were all more common than reported for these cohorts in previous publications. [5] [6] [7] [8] [9] No seizure-related deaths occurred in children with the generally pharmacoresponsive and often self-limited syndromes such as childhood absence epilepsy or benign rolandic epilepsy. Two accidental deaths occurred; neither was seizure related. Rates are given per 100 000 per year. a Weighted average based on age-specific brackets. 
A version of this table with CIs is available online as Supplemental Information. For seizure control, an indicator for ,1 versus $1 year seizure-free at time of death or at last contact was adopted because this factor could be accurately applied in all patients given the variability in coding of information across studies. Pharmacoresistance was defined fairly consistently across the studies with only minor variations. All studies required failure of at least 2 or 3 medications to meet the criteria for pharmacoresistance. IQR, interquartile range; LGS, Lennox-Gastaut syndrome. a Three subjects with unknown causes are not included beyond the overall summary information.
Sudden death is of particular concern for people with epilepsy and their families. 10 In young adults (aged 20-40 years), the rate of sudden death in people with epilepsy is estimated to be 24 times that seen in the general population. 27 The crude death rate from SUDEP alone in our combined series (33 per 100 000 PYoverall and 26 per 100 000 PY for definite/probable SUDEP) is similar to the total population death rate in the first 2 decades of life (excluding infancy) (Table 6 ). In participants with complicated presentations, however, the SUDEP rate was 2 to 3 times the overall death rates seen in the general population. In fact, others have found a preponderance of SUDEP in association with complicated epilepsy. [28] [29] [30] [31] In young people with uncomplicated epilepsy, the death rates from SUDEP (9 per 100 000 PY) and all seizure-related deaths (14 per 100 000 PY) are comparable to the leading cause of death (accidents) and higher than other common causes of death, including homicide, suicide, cancer, and heart disease ( Table 5 ). Our estimated SUDEP and seizure-related death rates are in the same range as SIDS death rates in developed countries (9 per 100 000
[Japan] to 80 per 100 000 [New Zealand]). 32 Our point estimates, even for uncomplicated epilepsy, are greater than the rate for all sudden deaths reported in the Netherlands in 1-to 30-year-olds (2.26 per 100 000 PY).
SUDEP risk is age related and is higher in adults, both in adult-onset epilepsy 30 and in adults with childhood-onset epilepsy. 33 No firm data are available, but anecdotal reports 10 and identified risk factors 34 suggest that the transition time for adolescents and young adults, who may not fully understand the importance of good sleep and nutrition patterns, avoidance of excess alcohol and use of drugs, and adherence to prescribed treatment for preventing seizures, may pose some risks that could be modified. Transition from pediatric to adult care is complicated and particularly so in children with chronic neurologic conditions. 35 Somewhat less appreciated is that SUDEP also occurs in infants and young children. A recent survey of parents whose children had Dravet syndrome reported a series of 31 deaths, 19 of which were attributed to SUDEP. The majority of the children were aged ,5 years at the time of their deaths. 36 Current thinking suggests there is a spectrum of sudden death in the very young beginning with SIDS, of which SUDEP may be a part and which involves a variety of mechanisms including brainstem serotonergic dysfunction and heart channelopathies. 32, [37] [38] [39] Whether mechanisms involved in SUDEP in very young children differ from those in older individuals is under investigation.
The absence of definite seizure-related accidental deaths was encouraging. Potentially,the3deathsforwhichthecauses were unknown could have been due to seizure-related accidents; however, including these 3 deaths still places an upper limit on such deaths in our combined cohorts. The low or absent risks we observed in no way indicate that the potential risks are not real. We speculate that common sense measures to prevent seizure-related accidents and accidental deaths in young persons may be having an impact.
The suicide rate was also comparable to that in the general population. Our estimate could be higher if any of the deaths with unknown causes were due to suicide. Relationship to medication use was not available in all studies; however, as reviewed elsewhere, the risks associated with uncontrolled seizures far outweigh the risk of suicide and any potential increased risk of suicide associated with medication use, a risk that has largely been disproven. 40 Our study has several advantages. We assembled perhaps the largest series of population-representative pediatric epilepsy patients followed from initial diagnosis for $10 years. All studies independently took very similar approaches to defining entry criteria and targeted the same age-at-onset range. All studies had systematic approaches to determine that a death had occurred and obtained death certificates and, when available, autopsy reports. Hospital records and eye witness accounts were also reviewed when available. We used the recent recommendations on SUDEP definitions and determined
FIGURE 1
Association between age at onset of epilepsy and time to death in complicated and uncomplicated groups. The correlation between age at onset and years to death was 0.25 (P = .05) in the complicated group and -0.20 (P = .63) in the uncomplicated group.
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PEDIATRICS Volume 132, Number 1, July 2013the level of certainty regarding that designation. 13 There are inevitable weaknesses. Studies were performed in different populations during largely nonoverlapping time periods. We were not able to combine data at an individual level because files were no longer available for 1 study. We could not make precise comparisons with population death rates because studies were performed in different countries and over different time periods. However, such comparisons are always approximate. We present them to place our mortality findings in a larger context.
Unlike SIDS, for which there has been a major public health campaign aimed at providers and parents and advanced through the American Academy of Pediatrics 12 and other organizations, discussion of SUDEP still seems to encounter a certain reluctance on the part of neurologic care providers. 11 Parents, however, generally do want to be informed of these risks, 41 and parents who have lost children wish they had been offered such information. 10 Although this reluctance and unease among neurologists will surely change, 42 it seems that pediatricians who have overcome the barriers of discussing such risks with their families and young patients might be well positioned, if provided with reasonable information about SUDEP, to broach these topics and to address parents' concerns. Ways of preventing SUDEP are unclear and not as advanced as with SIDS.
The main risk factor for SUDEP is lack of seizure control, which highlights the importance of adherence to recommended medication schedules. 43, 44 Children with seizures during sleep may also be at increased risk depending on their epilepsy and seizure type, and families may benefit from discussion about this particular concern. Reasonable supervision and precautions may also mitigate some of the risk. 45 These issues can be emphasized with parents of young children with epilepsy as well as with adolescents acquiring greater autonomy and transitioning to adult care. 35 
CONCLUSIONS
Most mortality in young people with epilepsy is secondary to factors associated with neurodisability. Sudden and other seizure-related death does occur at rates higher than in the general population, although most of the risk occurs in association with complicated epilepsy. Demystifying the risk by measuring it and placing it in the context of other risks of childhood death faced by all parents may facilitate discussion of seizure-related death. Pediatricians may benefit those families who have a child with epilepsy by discussing these issues frankly. Generally, they can offer reassurance regarding the actual magnitude of the risk. Providing families with such information as well as an understanding of the importance of medication adherence and other common sense measures is a role appropriate for primary care providers.
